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(57) In gray-scale correction where extension to a 
dynamic range is performed based on a maximum value 
and a minimum value of a video luminance signal., suf- 
ficient correction effects cannot be obtained in some dis- 
played images. Therefore, a histogram detecting circuit 
(2), a maximum value detecting circuit (3), and a mini- 
mum value detecting circuit (4) respectively detects, for 
each field, a maximum value (Kmax) and a minimum 
value (Kmin) in a detection WINDOW set in a screen, 
and distribution information in a gray-scale direction. 



The detected maximum value (Kmax) and minimum val- 
ue (Kmin) are respectively corrected by a maximum val- 
ue correcting circuit (5) and a minimum value correcting 
circuit (6) based on the output results of the histogram 
detecting circuit (2), and output as a corrected maximum 
value (Lmax) and a corrected minimum value (Lmin). 
Based on those corrected maximum value (Lmax) and 
a corrected minimum value (Lmin), an input video lumi- 
nance signal is corrected. Thus, it is possible to obtain 
optimal effects of gray-scale correction in accordance 
with a scene. 
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Description 

TECHNICAL FIELD 



[0001] The present invention relates to image 
processing apparatuses and image processing meth- 
ods and, more specifically, to an image processing ap- 
paratus and an image processing method that corrects 
a gray scale of a displayed image by correcting a video 
luminance signal. 

BACKGROUND ART 

[0002] Conventionally, the image processing appara- 
tus of the above type uses almost an entire effective dis- 
play period on a display screen as a sampling window 
for calculating correction data from maximum and min- 
imum values of a luminance signal, and corrects the in- 
put video luminance signal for each field or frame, there- 
by achieving high quality of images. 
[0003] For example, there is a scheme known as 
black extension/white extension. In this scheme, mini- 
mum and maximum values of the video luminance sig- 
nal within the effective display period arc detected for 
each field or each frame; the detected maximum and 
minimum values of the input luminance signal are con- 
verted into a maximum value (255 in digital 8-bit 
processing) and a minimum value (0, in general), re- 
spectively, of a dynamic range of a video signal process- 
ing system: and all signals between the minimum and 
maximum values of the input luminance signal are also 
linearly interpolated. With this, correction can be made 
so that the dynamic range held by the signal processing 
system is fully used for any input luminance signal. An 
example of this is disclosed in Japanese Patent Laid- 
Open Publication No. 10-248024. 
[0004] In the above conventional scheme, however 
a correction table is calculated based on the maximum 
and minimum values of the video luminance signal ac- 
tually detected, and therefore correction may some- 
times not be sufficient. For example, in a movie scene 
most of which is dark in an effective display period, when 
even one pixel in the scene has a maximum value (255 
in 8-bit processing) of a dynamic range of the processing 
system, correction by extension in a white direction is 
not performed. This causes a problem that sufficient 
gray scale representations cannol be made for some 
displayed images. 

[0005] For this reason, an object of the present inven- 
tion is to provide an image processing apparatus and 
an image processing method capable of performing suf- 
ficient gray scale representations irrespectively of a dis- 
played image, and especially capable of doing so in ac- 
cordance with properties of the displayed image even if 
a width of luminance distribution of a video luminance 
signal is large 

[0006] The above conventional scheme is not meant 
to be restrictive. In general, when gray-scale correction 
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is performed by correcting an input video luminance sig- 
nal, color-difference signals (U, V) are also corrected at 
the same time in order to compensate for changes in 
how video looks due to the correction of the luminance 
5 signal. At this time, in a case where the degree of cor- 
rection of the luminance signal is too large, if the color- 
difference signals are corrected based on that degree 
of correction, the color-difference signals become satu- 
rated. That is, after correction, values of the color-differ- 
10 ence signals before correction equal to or larger than a 
predetermined value become maximum among values 
that can be originally taken by the color-difference signal 
after correction. Therefore, information about a color dif- 
ference as to these values is lost. Moreover, when these 
'5 luminance signal and color-difference signals are con- 
verted into RGB signals for image display on a PC dis- 
play, for example, the RGB signals can become saturat- 
ed even though these luminance signal or color-differ- 
ence signals have not been saturated. Also in this case, 
20 as with the case of the color-difference signals, informa- 
tion about color difference as to a portion representing 
saturation of the RGB signals after correction is lost. As 
a result of the above, the qualify of the displayed image 
is degraded. 

25 [0007] Therefore, another object of the present inven- 
tion is to provide an image processing apparatus and 
an image processing method in which color-difference 
signals or RGB signals are not saturated irrespectively 
of the degree of correction of a luminance signal at the 
30 time of gray-scale correction. 

[0008] Furthermore, in the above conventional 
scheme, when maximum and minimum values for each 
field are detected, information in a detection WINDOW 
is evenly sampled. When such scheme is used for de- 
35 tecting the maximum value, if data unrelated to an orig- 
inal image, such as white subtitles in a film, is inserted 
afterwards into video signals, the data inserted after- 
wards is detected as the maximum value. With this, a 
value having a level much higher than that of the original 
40 image is determined as the maximum value and. based 
on this maximum value, the above-described gray-scale 
correction is performed. Consequently, the amount of 
extension in a process, such as white extension in which 
a gray scale is extended in a white direction for correc- 
ts tion, is suppressed, and therefore sufficient correction 
effects cannot be achieved. 

[0009] Still further, a porlion outside a display area in 
horizontal and vertical directions have a luminance sig- 
nal of generally approximately 0 . If the luminance level 
50 of this portion is detected as the minimum value of the 
image, a level under a level of black of the original image 
is erroneously determined as black. Consequently, ex- 
tension of the gray scale in a black direction is sup- 
pressed, and therefore sufficient correction effects can- 
55 not be achieved. 

[001 0] Therefore, still another object of the present in- 
vention is to provide an image processing apparatus 
and an image processing method capable of detecting 
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a maximum value of an original image so that ; when 
gray-scale correction is performed in which a maximum 
value of a video luminance signal is converted into a 
maximum value of a dynamic range of a video signal 
processing system, for example, sufficient gray-scale 
correction effects can be achieved even if a signal un- 
related to the original image exists in video signals. 
[001 1 ] Meanwhile, in a case where gray-scale correc- 
tion is performed on motion pictures, when a character- 
istic detection signal indicative of characteristics of an 
image, such as maximum and minimum values within a 
display area, is detected, it is required to perform con- 
tradictory operations: an operation for causing the char- 
acteristic detection signal to follow an abrupt scene 
change and an operation for preventing a fluctuation of 
the characteristic detection signal due to a subtle scene 
change. Conventionally, however, it is difficult to satisfy 
this requirement with high accuracy. 
[001 2] Therefore, still another object of the present in- 
vention is to provide an image processing apparatus 
and an image processing method capable of correcting 
a maximum value for use in gray-scale correction to an 
optimal value in accordance with a scene change so as 
to follow an abrupt scheme change and not to follow a 
subtle scheme change, when motion pictures are sub- 
jected to gray-scale correction, for example, in which a 
maximum value of a video luminance signal is converted 
into a maximum value of a dynamic range in a video 
signal processing system. 

DISCLOSURE OF THE INVENTION 

[0013] To achieve the above objects, the present in- 
vention has the following aspects. 
[001 4] A first aspect of the present invention is direct- 
ed to an image processing apparatus which corrects a 
gray scale by extending part of a luminance level range 
of an input video luminance signal to a dynamic range 
of a processing system, including: 

minimum value detecting means which detects a 
minimum value of the input video luminance signal; 
histogram detecting means which detects lumi- 
nance distribution information of the input video lu- 
minance signal; 

minimum value correcting means which obtains a 
corrected minimum value by correcting the mini- 
mum value detected by the minimum value detect- 
ing means based on the luminance distribution in- 
formation detected by the histogram detecting 
means; and 

luminance signal correcting means which extends 
the input video luminance signal so that the correct- 
ed minimum value obtained by the minimum value 
correcting means becomes a minimum value of the 
dynamic range of the processing system. 

[0015] According to the above first aspect, the mini- 



mum value detected in the video luminance signal is cor- 
rected in accordance with the luminance distribution of 
the video luminance signal. Thus, it is possible to opti- 
mally adjust the gray scale in accordance with a dis- 
5 played video without depending solely on the value of 
the detected minimum value. 

[0016] In a second aspect of the present invention 
based on the first aspect, the luminance distribution in- 
formation is an amount of distribution in a predetermined 
10 luminance range of a histogram distribution of the input 
video luminance signal. 

[0017] According to the above second aspect, the 
amount of distribution in the predetermined luminance 
range of the histogram distribution of the video lumi- 
15 nance signal is referred to. Thus, the characteristics of 
the display video can be appropriately determined. 
[0018] In a third aspect of the present invention based 
on the second aspect, the predetermined luminance 
range is a luminance range in the histogram distribution 
corresponding to a minimum luminance part. 
[0019] According to the above third aspect, the lumi- 
nance range in the histogram distribution corresponding 
to the minimum luminance part of the video luminance 
signal is referred to. Thus, the characteristics in the vi- 
cinity of black of the displayed video can be easily de- 
termined. 

[0020] In a fourth aspect of the present invention 
based on the first aspect, the luminance signal correct- 
ing means corrects the input video luminance signal in 
a luminance range to be smaller than a predetermined 
bend point. 

[0021] According to the above fourth aspect, a lumi- 
nance signal in a range smaller than the predetermined 
bend point is corrected. Thus, correction can be per- 
formed so that the gray scale especially in the vicinity of 
black is enhanced. 

[0022] In a fifth aspect of the present invention based 
on the fourth aspect, the image processing apparatus 
further includes bend point correcting means which cor- 
rects the predetermined bend point in accordance with 
the luminance distribution information detected by the 
histogram detecting means. 

[0023] According to the above fifth aspect, the bend 
point is corrected in accordance with the luminance dis- 
tribution of the video luminance signal. Thus, the gray 
scale in the vicinity of black can be more optimally ad- 
justed in accordance with a displayed video. 
[0024] In a sixth aspect of the present invention based 
on the first aspect, the minimum value detected by the 
minimum value detecting means is a minimum value of 
a signal obtained after the input video luminance signal 
is subjected to sampling or been passed through a low- 
pass filter, and 

the minimum value correcting means obtains the 
corrected minimum value by correcting the minimum 
value detected by the minimum value detecting means 
in a decreasing direction based on the luminance distri- 
bution information detected by the histogram detecting 
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means. 

[0025] According to the above sixth aspect, the mini- 
mum value detected by the minimum value detecting 
means is corrected in a decreasing direction in accord- 
ance with the luminance distribution of the video lumi- 5 
nance signal. Thus, a signal eliminated by sampling or 
a low-pass filter can be picked up, and degradation in 
image quality due to black crush can be avoided. 
[0026] A seventh aspect of the present invention is di- 
rected to an image processing apparatus which corrects w 
a gray scale by extending part of a luminance level 
range of an input video luminance signal to a dynamic 
range of a processing system, including: 

maximum value detecting means which detects a is 
maximum value of the input video luminance signal; 
histogram detecting means which detects lumi- 
nance distribution information of the input video lu- 
minance signal; 

maximum value correcting means which obtains a -.20 
corrected maximum value by correcting the maxi- 
mum value detected by the maximum value detect- 
ing means based on the luminance distribution in- 
formation detected by the histogram detecting 
means; and 2 s 
luminance signal correcting means which extends 
the input video luminance signal so that the correct- 
ed maximum value obtained by the maximum value 
correcting means becomes a maximum value of the 
dynamic range of the processing system. 30 

[0027] According to the above seventh aspect, not on- 
ly the maximum value detected in the video luminance 
signal but also the video luminance signal is corrected 
in accordance with the luminance distribution of the vid- 35 
eo luminance signal. Thus, the gray scale can be opti- 
mally adjusted in accordance with a displayed video 
without depending solely on the detected maximum val- 
ue. 

[0028] In an eighth aspect of the invention based on 40 
the seventh aspect, the luminance distribution informa- 
tion is an amount of distribution in a predetermined lu- 
minance range of a histogram distribution of the input 
video luminance signal. 

[0029] According to the above eighth aspect, the 45 
amount of distribution in the predetermined luminance 
range of the histogram distribution of Ihe video lumi- 
nance signal is referred to. Thus, the characteristics of 
the displayed video can be appropriately determined. 
[0030] I n a ninth aspect of the present invention based so 
on the eighth aspect, the predetermined luminance 
range is a luminance range in the histogram distribution 
corresponding to a maximum luminance range. 
[0031] According to the above ninth aspect, the lumi- 
nance range in the histogram distribution corresponding 55 
to the maximum luminance range of the video lumi- 
nance signal is referred to. Thus, the characteristics in 
the vicinity of white of the displayed video can be easily 



determined. 

[0032] In a tenth aspect of the present invention 
based on the seventh aspect, the luminance signal cor- 
recting means corrects the input video luminance signal 
in a luminance range to be larger than a predetermined 
bend point. 

[0033] According to the above tenth aspect, a lumi- 
nance signal in a range larger than the predetermined 
bend point is corrected. Thus, correction can be per- 
formed so that the gray scale especially in the vicinity of 
white is enhanced. 

[0034] In an eleventh aspect of the present invention 
based on the tenth aspect, the image processing appa- 
ratus further includes bend point correcting means 
which corrects the predetermined bend point in accord- 
ance with the luminance distribution information detect- 
ed by the histogram detecting means. 
[0035] According to the above eleventh aspect, the 
bend point is corrected in accordance with the lumi- 
nance distribution of the.video luminance signal. Thus, 
the gray scale in the vicinity of white can be more opti- 
mally adjusted in accordance with a displayed video. 
[0036] In a twelfth aspect of the present invention 
based on the seventh aspect, the maximum value de- 
tected by the maximum value detecting means is a max- 
imum value of a signal obtained after the input video lu- 
minance signal is subjected to sampling or been passed 
through a low-pass filter, and the maximum value cor- 
recting means obtains the corrected maximum value by 
correcting the maximum value detected by the maxi- 
mum value detecting means in an increasing direction 
based on the luminance distribution information detect- 
ed by the histogram detecting means. 
[0037] According to the above twelfth aspect, the 
maximum value detected by the maximum value detect- 
ing means is corrected in an increasing direction in ac- 
cordance with the luminance distribution of the video lu- 
minance signal. Thus, a signal eliminated by sampling 
or a low-pass filter can be picked up, and degradation 
in image quality due to white crush can be avoided. 
[0038] A thirteenth aspect of the present invention is 
directed to an image processing apparatus which cor- 
rects a gray scale by extending part of a luminance level 
range of an input video luminance signal to a dynamic 
range of a processing system, including: 

minimum value delecting means which detects a 
minimum value of the input video luminance signal; 
maximum value detecting means which detects a 
maximum value of the input video luminance signal; 
histogram detecting means which detects lumi- 
nance distribution information of the input video lu- 
minance signal; 

minimum value correcting means which obtains a 
corrected minimum value by correcting the mini- 
mum value detected by the minimum value detect- 
ing means based on the luminance distribution in- 
formation detected by the histogram detecting 
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means; 

maximum value correcting means which obtains a 
corrected maximum value by correcting the maxi- 
mum value detected by the maximum value detect- 
ing means based on the luminance distribution in- 
formation detected by the histogram detecting 
means; and 

luminance signal correcting means which extends 
the input video luminance signal so that the correct- 
ed minimum value obtained by the minimum value 
correcting means and the corrected maximum val- 
ue obtained by the maximum value correcting 
means respectively become a minimum value and 
a maximum value of the dynamic range of the 
processing system. 

[0039] According to the above thirteenth aspect, the 
minimum value and the maximum value detected in the 
video luminance signal arecorrected in accordance with 
the luminance distribution of the video luminance signal. 
Thus, the gray scale can be optimally adjusted in ac- 
cordance with the displayed video without depending 
solely on the detected minimum value and maximum 
value. 

[0040] A fourteenth aspect of the present invention is 
directed to an image processing apparatus which cor- 
rects a gray scale of a displayed image by correcting an 
input video luminance signal, including: 

luminance signal correcting means which corrects 
the input video luminance signal and outputs a vid- 
eo luminance signal after correction; 
co I or- difference signal level detecting means sup- 
plied with a video color-difference signal corre- 
sponding to the input video luminance signal for de- 
tecting a level of the video color-difference signal; 
and 

correction degree limiting means which limits a de- 
gree of correction of the input video luminance sig- 
nal in the luminance signal correcting means based 
on the level of the video color-difference signal de- 
tected by the color-difference signal level detecting 
means, and produces an output as an output video 
luminance signal. 

[0041] According to the above fourteenth aspect, the 
degree of correction of the luminance signal is varied in 
accordance with the color-difference signal level. Thus, 
the luminance signal can be optimally corrected in ac- 
cordance with the color-difference signal level. 
[0042] In a fifteenth aspect of the present invention 
based on the fourteenth aspect, the correction degree 
limiting means limits the degree of correction of the input 
video luminance signal so that, when the video color- 
difference signal is corrected in accordance with the de- 
gree of correction of the input video luminance signal, a 
video color-difference signal after correction is prevent- 
ed from being saturated to go over the dynamic range 



of the processing system. 

[0043] According to the above fifteenth aspect, it is 
possible to prevent saturation of the color-difference sig- 
nal when the color-difference signal is corrected in ac- 
5 cordance with the degree of correction of the luminance 
signal. 

[0044] In a sixteenth aspect of the present invention 
based on the fifteenth aspect the correction degree lim- 
iting means limits the degree of correction of the input 

10 video luminance signal so that, when the output video 
luminance signal and the video color-difference signal 
after correction are converted into RGB signals, the 
RGB signals are prevented from being saturated to go 
over the dynamic range of the processing system. 

is [0045] According to the above sixteenth aspect, it is 
possible to prevent saturation of the RGB signals when 
the corrected luminance signal and color-difference sig- 
nal are converted to the RGB signals for display. 
[0046] In a seventeenth aspect of the present inven- 

20 tion based on the fourteenth aspect, the correction de- 
gree limiting means limits the degree of correction of the 
input video luminance signal by weighting the input vid- 
eo luminance signal and the corrected video luminance 
signal in accordance with the level of the color-diffcr- 

25 ence signal. 

[0047] According to the above seventeenth aspect, 
the degree of correction is limited by weighting the lu- 
minance signal before correction and the luminance sig- 
nal after correction. Thus, the luminance signal can be 

30 optimally corrected in an easy manner in accordance 
with the color-difference signal level from a state of no 
correction to a state of maximum correction. 
[0048] An eighteenth aspect of the present invention 
is directed to an image processing method of correcting 

35 a gray scale by extending part of a luminance level 
range of an input video luminance signal to a dynamic 
range of a processing system, including: 

a minimum value detecting step of detecting a min- 
-to imum value of the input video luminance signal; 

a histogram detecting step of detecting luminance 
distribution information of the input video luminance 
signal; 

a minimum value correcting step of obtaining a cor- 
^5 rected minimum value by correcting the minimum 
value detected in the minimum value detecting step 
based on the luminance distribution information de- 
tected in the histogram detecting step; and 
a luminance signal correcting step of extending the 
50 input video luminance signal so that the corrected 

minimum value obtained in the minimum value cor- 
recting step becomes a minimum value of the dy- 
namic range of the processing system. 

55 [0049] According to the above eighteenth aspect, the 
minimum value detected in the video luminance signal 
is corrected in accordance with the luminance distribu- 
tion of the video luminance signal. Thus, it is possible to 
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optimally adjust the gray scale in accordance with a dis- 
played video without depending solely on the value of 
the detected minimum value. 

[0050] A nineteenth aspect of the present invention is 
directed to an image processing method of correcting 5 
gray scale by extending part of a luminance level range 
of an input video luminance signal to a dynamic range 
of a processing system, including: 

a maximum value detecting step of detecting a max- w 
imum value of the input video luminance signal: 
a histogram detecting step of detecting luminance 
distribution information of the input video luminance 
signal; 

a maximum value correcting step of obtaining a cor- is 
rected maximum value by correcting the maximum 
value detected in the maximum value detecting step 
based on the luminance distribution information de- 
tected in the histogram detecting step; and 
a luminance signal correcting step of extending the 20 
input video luminance signal so that the corrected 
maximum value obtained in the maximum value 
correcting step becomes a maximum value of the 
dynamic range of the processing system. 

25 

[0051] According to the above nineteenth aspect, not 
only the maximum value detected in the video lumi- 
nance signal but also the video luminance signal is cor- 
rected in accordance with the luminance distribution of 
the video luminance signal. Thus, the gray scale can be 30 
optimally adjusted in accordance with a displayed video 
without depending solely on the detected maximum val- 
ue. 

[0052] A twentieth aspect of the present invention is 
directed to an image processing method of correcting a 35 
gray scale by extending part of a luminance level range 
of an input video luminance signal to a dynamic range 
of a processing system, including: 



minimum value obtained in the minimum value cor- 
recting step and the corrected maximum value ob- 
tained in the maximum value correcting step re- 
spectively become a minimum value and a maxi- 
mum value of the dynamic range of the processing 
system. 

[0053] According to the above twentieth aspect, the 
minimum value and the maximum value detected in the 
video luminance signal are corrected in accordance with 
the luminance distribution of the video luminance signal. 
Thus, the gray scale can be optimally adjusted in ac- 
cordance with the displayed video without depending 
solely on the detected minimum value and maximum 
value. 

[0054] A twenty-first aspect of the present invention 
is directed to an image processing method of correcting 
a gray scale by extending part of a luminance level 
range or an input video luminance signal to a dynamic 
range of a processing system, including: 

a video luminance signal correcting step of correct- 
ing the input video luminance signal and outputting 
a video luminance signal after correction: 
a color-difference signal level detecting step of de- 
tecting a level of a video color-difference signal that 
is supplied corresponding to the input video lumi- 
nance signal; and 

a correction degree limiting step of limiting a degree 
of correction of the input video luminance signal in 
the luminance signal correcting step based on the 
level of the video color-difference signal detected in 
the color-difference signal level detecting step, and 
producing an output as an output video luminance 
signal. 



a minimum value detecting step of detecting a min- 40 
imum value of the input video luminance signal; 
a maximum value detecting step of detecting a max- 
imum value of the input video luminance signal: 
a histogram detecting step of detecting luminance 
distribution information of the input video luminance 45 
signal: 

a minimum value correcting step of obtaining a cor- 
rected minimum value by correcting the minimum 
value detected in the minimum value detecting step 
based on the luminance distribution information de- so 
tected in the histogram detecting step; 
a maximum value correcting stop of obtaining a cor- 
rected maximum value by correcting the maximum 
value detected in the maximum value detecting step 
based on the luminance distribution information de- 55 
tected in the histogram detecting step; and 
a luminance signal correcting step of correcting the 
input video luminance signal so that the corrected 



[0055] According to the above twenty-first aspect, the 
degree of correction of the luminance signal is varied in 
accordance with the color-difference signal level. Thus, 
the luminance signal can be optimally corrected in ac- 
cordance with the color-difference signal level. 
[0056] A twenty-second aspect of the present inven- 
tion is directed to an image processing apparatus which 
detects a maximum luminance level of an original image 
in an input video luminance signal, including: 

Hrst maximum value delecting means which detects 
in the input video luminance signal a maximum lu- 
minance level in a display area; 
histogram detecting means which detects an 
amount of distribution of the input video luminance 
signal at each luminance level in a luminance level 
range including the maximum luminance level de- 
tected by the first maximum value detecting means 
and a luminance level adjacent thereto; 
comparing means which determines, based on the 
amount of distribution detected by the histogram 
detecting'means, whether the luminance level 



6 



BNSDCCID: <EP 1359746A1J_» 



11 



EP 1 359 746 A1 



12 



range includes information which is located at a lu- 
minance level away from the original image and is 
unrelated to the original image; 
replacing means which replaces, when the compar- 
ing means determines that the information unrelat- 
ed to the original image is included, a luminance lev- 
el with respect to the unrelated information in the 
input video luminance signal by a luminance level 
which unaffects detection of the maximum lumi- 
nance level of the original image; and 
second maximum value detecting means which de- 
tects a maximum luminance level in an input video 
signal obtained after the luminance level with re- 
spect to the unrelated information is replaced by the 
replacing means. 

[0057] According to the above twenty-second aspect, 
sufficient gray-scale extension in a white direction can 
be achieved for an image including information, such as 
white characters of subtitles of a movie, that is inserted 
afterwards irrespectively of the original image. Thus, ef- 
fective gray-scale correction can be attained. 
[0058] In a twenty-third aspect of the present inven- 
tion based on the twenty-second aspect, the comparing 
means calculates a difference in an amount of distribu- 
tion between adjacent luminance levels in the lumi- 
nance level range, and when the difference in the 
amount of distribution is larger than a predetermined 
value, determines that the luminance level range in- 
cludes the information unrelated to the original image. 
[0059] According to the above twenty-third aspect, in- 
formation such as white characters of subtitles and the 
original image are discriminated based on the difference 
in the amount of distribution at each luminance level. 
Thus, erroneous discrimination due to noise, etc., less 
occurs, and white characters and the like can be deter- 
mined more accurately. 

[0060] In a twenty-fourth aspect of the present inven- 
tion based on the twenty-second aspect, the luminance 
level range includes two to five luminance levels. 
[0061] According to the above twenty-fourth aspect, 
the luminance level range is adapted to that of general 
white characters, etc. Thus, it is possible to reduce a 
possibility of erroneously determining the original image 
as white characters, etc., thereby improving the accura- 
cy of discrimination. 

[0062] A twenty-fifth aspect of the present invention 
is directed to an image processing apparatus which de- 
tects in an input video luminance signal a minimum lu- 
minance level of an original image, including: 

first minimum value detecting means which detects 
in the input video luminance signal a minimum lu- 
minance level in a display area: 
histogram detecting means which detects an 
amount of distribution of the input video luminance 
signal at each luminance level in a luminance level 
range including the minimum luminance level de- 



tected by the first minimum value detecting means 
and a luminance level adjacent thereto; 
comparing means which determines, based on the 
amount of distribution detected by the histogram 
5 detecting means, whether the luminance level 

range includes information which is located at a lu- 
minance level away from the original image and is 
unrelated to the original image; 
replacing means which replaces, whenthe compar- 
10 jng means determines that the information unrelat- 
ed tothe original image is included, a luminance lev- 
el with respect to the unrelated information in the 
input video luminance signal by a luminance level 
which unaffects detection of the minimum lumi- 
15 nance level of the original image; and 

second minimum value detecting means which de- 
tects a minimum luminance level in an input video 
signal obtained after the luminance level with re- 
spect to the unrelated information is replaced by the 
20 replacing means. 

[0063] According to the above twenty-fifth aspect, 
when information unrelated to the original image, such 
as a black level of a blanking part, is detected, sufficient 
25 gray-scale extension in a black direction can be per- 
formed; thereby achieving effective gray-scale correc- 
tion. 

[0064] In a twenty-sixth aspect of the present inven- 
tion based on the twenty-fifth aspect, the comparing 

30 means calculates a difference in an amount of distribu- 
tion between adjacent luminance levels in the lumi- 
nance level range, and when the difference in the 
amount of distribution is larger than a predetermined 
value, determines that the luminance level range in- 

35 eludes the information unrelated to the original image. 
[0065] According to the above twenty-sixth aspect, in- 
formation about the blanking part and the original image 
are discriminated based on the difference in the amount 
of distribution at each luminance level. Thus, erroneous 

40 discrimination due to noise, etc., is hard to occur, and 
white characters and the like can be determined more 
accurately. 

[0066] In a twenty-seventh aspect of the present in- 
vention based on the twenty-fifth aspect, the luminance 

45 level range includes two to five luminance levels. 

[0067] According to the above twenty-seventh as- 
pect, the luminance level range is adapted lo that of a 
general blanking part. Thus, it is possible to reduce a 
possibility of erroneously determining the original image 

so as a blanking part, thereby improving the accuracy of 
discrimination. 

[0068] A twenty-eighth aspect of the present invention 
is directed to an image processing apparatus for obtain- 
ing a maximum value signal suitable for dynamic gray- 
55 scale correction in motion pictures, including: 

APL detecting means which detects an average lu- 
minance level in a display area of an input video 
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luminance signal; 

APL varied value detecting means which detects a 
varied value at the average luminance level detect- 
ed by the APL detecting means; 
maximum value detecting means which detects a 
maximum luminance level in the display area of the 
input video luminance signal; and 
filter means which controls the maximum luminance 
level detected by the maximum value detecting 
means in accordance with the varied value at the 
average luminance level detected by the APL var- 
ied value detecting means, and produces an output 
as the maximum value signal, wherein 
the filter means outputs the maximum luminance 
level as it is when the varied value is larger than a 
first predetermined value, fixedly outputs a maxi- 
mum luminance level that is an immediately previ- 
ous output when the varied value is smaller than a 
second predetermined value, and outputs the max- 
imum luminance level that follows in accordance 
with the varied value when the varied value is larger 
than the second predetermined value and smaller 
than the first predetermined value. 

[0069] According to the above twenty-eighth aspect, 
it is possible to achieve both improvement of following 
of the characteristic detection signal with respect to an 
abrupt scene change and prevention of a fluctuation of 
the characteristic detection signal due to a subtle scene 
change. Thus, by eliminating an uneasy feeling due to 
delay in gray-scale correction and flicker due to subtje 
fluctuations, gray-scale correction of even motion pic- 
tures can be achieved without any problem. 
[0070] A twenty-ninth aspect of the present invention 
is directed to an image processing apparatus for obtain- 
ing a minimum value signal suitable for dynamic gray- 
scale correction in motion pictures, including: 

APL detecting means which detects an average lu- 
minance level in a display area of an input video 
luminance signal; 

APL varied value detecting means which detects a 
varied value at the average luminance level detect- 
ed by the. APL detecting means; 
minimum value detecting means which detects a 
minimum luminance level in the display area of the 
input video luminance signal; and 
filter means which controls the minimum luminance . 
level detected by the minimum value detecting 
means in accordance with the varied value at the 
average luminance level detected by the APL var- 
ied value detecting means, and produces an output 
as the minimum value signal, wherein 
the filter means outputs the minimum luminance 
level as it is when the varied value is larger than a 
first predetermined value, fixedly outputs a mini- 
mum luminance level that is an immediately previ- 
ous output when the varied value is smaller than a ■ 



second predetermined value, and outputs the min- 
imum luminance level that follows in accordance 
with the varied value when the varied value is larger 
than the second predetermined value and smaller 
5 than the first predetermined value. 

[0071] According to the above twenty-ninth aspect, it 
is possible to achieve both improvement of following of 
the characteristic detection signal with respect to an 
10 abrupt scene change and prevention of a fluctuation of 
the characteristic detection signal due to a subtle scene 
change. Thus, by eliminating an uneasy feeling due to 
delay in gray-scale correction and flicker due to subtle 
fluctuations, gray-scale correction of even motion pic- 
's tures can be achieved without any problem. 

[0072] A thirtieth aspect of the present invention is di- 
rected to an image processing method of detecting a 
maximum luminance level of an original image in an in- 
put video luminance signal, including: 

a first maximum value detecting step of detecting in 
the input video luminance signal a maximum lumi- 
nance level in a display area; 
a histogram detecting stop of detecting an amount 
25 of distribution of the input video luminance signal at 

each luminance level in a luminance level range in- 
cluding the maximum luminance level detected in 
the first maximum value detecting step and a lumi- 
nance level adjacent thereto; - 
30 a comparing step of determining, based on the 
amount of distribution detected in the histogram de- 
tecting step, whether the luminance level range in- 
cludes information which is located at a luminance 
level away from the original image and is unrelated 
55 to the original image; 

a replacing step of replacing, when it is determined 
in the comparing step that the information unrelated 
to the original image is included, a luminance level 
with respect to the unrelated information in the input 
40 video luminance signal by a luminance level which 
unaffects detection of the maximum luminance level 
of the original image; and 

a second maximum value detecting step of detect- 
ing a maximum luminance level in an input video 
45 signal obtained after the luminance level with re- 
spect to the unrelated information is replaced in the 
replacing step. 

[0073] According to the above thirtieth aspect, suffi- 
ce cient gray-scale extension in a white direction can be 
achieved for an image including information, such as 
white characters of subtitles of a movie, that is inserted 
afterwards irrespectively of the original image. Thus, ef- 
fective gray-scale correction can be attained. 
55 [0074] A thirty-first aspect of the present invention is 
directed to an image processing method of detecting a 
minimum luminance level of an original image in an input 
video luminance signal, including: 
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a first minimum value detecting step of detecting in 
the input video luminance signal a minimum lumi- 
nance level in a display area; 
. a histogram detecting step of detecting' an amount 
of distribution of the input video luminance signal at 
each luminance level in a luminance level range in- 
cluding the minimum luminance level detected in 
the first minimum value detecting step and a lumi- 
nance level adjacent thereto; 
a comparing step of determining, based on the 
amount of distribution detected in the histogram de- 
tecting step, whether the luminance level range in- 
cludes information which is located at a luminance 
level away from the original image and is unrelated 
to the original image; 

a replacing step of replacing, when it is determined 
in the comparing step that the information unrelated 
to the original image is included, a luminance level 
with respect Lo the unrelated information in the input 
video luminance signal by a luminance level which 
unaffects detection of the minimum luminance level 
of the original image; and 

a second minimum value detecting step of detecting 
a minimum luminance level in an input video signal 
obtained after the luminance level with respect to 
the unrelated information is replaced in the replac- 
ing step. 

[0075] According to the above thirty-first aspect, when 
information unrelated to the original image, such as a 
black level of a blanking part, is detected, sufficient gray- 
scale extension in a black direction can be performed, 
thereby achieving effective gray-scale correction. 
[0076] A thirty-second aspect of the present invention 
is directed to an image processing method for obtaining 
maximum value signal suitable for dynamic gray-scale 
correction in motion pictures, including: 

an APL detecting step of detecting an average lu- 
minance level in a display area of an input video 
luminance signal; 

an APL varied value detecting step of detecting a 
varied value at the average luminance level detect- 
ed in the APL detecting step; 
a maximum value detecting step of detecting a max- 
imum luminance level in the display area of the input 
video luminance signal; and 

a filter step of controlling the maximum luminance 
level detected in the maximum value detecting step 
in accordance with the varied value at the average 
luminance level detected in the APL varied value 
detecting stop, and producing an output as the max- 
imum value signal, wherein 

the filter step outputs the maximum luminance level 
as it is when the varied value is larger than a first 
predetermined value, fixedly outputs a maximum lu- 
minance level that is an immediately previous out- 
put when the varied value is smaller than a second 
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predetermined value, and outputs the maximum lu- 
minance level that follows in accordance with the 
varied value when the varied value is larger than 
the second predetermined value and smaller than 
5 the first predetermined value. 

[0077] According to the above thirty-second aspect, it 
is possible to achieve both improvement of following of 
the characteristic detection signal with respect to an 

10 abrupt scene change and prevention of a fluctuation of 
the characteristic detection signal due to a subtle scene 
change. Thus, by eliminating an uneasy feeling due to 
delay in gray-scale correction and flicker due to subtle 
fluctuations, gray-scale correction of even motion pic- 

is tures can be achieved without any problem. 

[0078] A thirty-third aspect of the present invention is 
directed to an image processing method for obtaining a 
minimum value signal suitable for dynamic gray-scale 
correction in motion pictures, including: 



20 

an APL detecting step of detecting an average lu- 
minance level in a display area of an input video 
luminance signal; 

an APL varied value detecting step of detecting a 

25 varied value at the average luminance level detect- 

ed in the APL detecting step; 
a minimum value detecting step of detecting a min- 
imum luminance level in the display area of the input 
video luminance signal: and 

30 a filter step of controlling the minimum luminance 

level detected in the minimum value detecting step 
in accordance with the varied value at the average 
luminance level detected in the APL varied value 
detecting step, and producing an output as the min- 

35 imum value signal, wherein 

the filter step outputs the minimum luminance level 
as it is when the varied value is larger than a first 
predetermined value, fixedly outputs a minimum lu- 
minance level that is an immediately previous out- 

40 put when the varied value is smaller than a second 
predetermined value, and outputs the minimum lu- 
minance level that follows in accordance with the 
varied value when the varied value is larger than 
the second predetermined value and smaller than 

45 the first predetermined value. 

[0079] According lo the above thirty-third aspect, it is 
possible to achieve both improvement of following of the 
characteristic detection signal with respect to an abrupt 

50 scene change and prevention of a fluctuation of the 
characteristic detection signal due to a subtle scene 
change. Thus, by eliminating an uneasy fooling due to 
delay in gray-scale correction and flicker due to subtle 
fluctuations, gray-scale correction of even motion pic- 

55 tures can be achieved without any problem. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0080] 



FIG. 1 is a block diagram illustrating the structure 
of an image processing apparatus according to a 
first embodiment of the present invention. 
FIG. 2 is an illustration for describing a correcting 
operation of a conventional image processinq ap- 
paratus. 

FIG. 3 is an illustration for describing detection re- 
sults in a histogram detecting circuit 2 and how to 
calculate a corrected minimum value by a minimum 
value correcting circuit 6 based on the detection re- 
sults. 

FIG. 4 is an illustration for describing a correcting 
operation in the first embodiment. 
FIG. 5 is a block diagram illustrating the structure 
of an image processing apparatus according to a 
second embodiment of the present invention. 
FIG. 6 is an illustration for describing a correcting 
operation of the second embodiment. 
FIG. 7 is an illustration for describing how to calcu- 
late a bent point by a bent point correcting circuit 1 1 . 
FIG. 8 is a block diagram showing the construction- 
of an image processing apparatus according to a 
third embodiment of the present invention. 
FIG 9 is an illustration for describing a correcting 
operation in the third embodiment. 
FIG. 10 is a block diagram illustrating an image 
processing apparatus according to a fourth embod- 
iment of the present invention. 
FIG. 11 is an illustration for describing an operation 
of a corrected luminance signal limiter circuit 15. 
FIG. 12 is a block diagram illustrating the structure 
of an image processing apparatus according to a 
fifth embodiment of the present invention. 
FIG. 13 is an illustration for describing a mechanism 
of detecting information derived from subtitles in the 
fifth embodiment. 

FIG. 14 is an illustration showing an example of a 
gray-scale correction algorithm capable of suitably 
using the image processing apparatus according to 
the fifth embodiment. 

FIG. 15 is a block diagram illustrating the structure 
of an image processing apparatus according to a 
sixth embodiment of the present invention. 
FIG. 16 is an illustration for describing a mechanism 
of detecting black information derived from blank- 
ing, etc., in the sixth embodiment. 
FIG. 17 is an illustration showing an example of a 
gray scale correction algorithm capable of suitably 
using the image processing apparatus according to 
the sixth embodiment. An illustration showing the 
summary of the second embodiment. 
FIG. 18 is a block diagram illustrating an image 
processing apparatus according to a seventh em- 
bodiment of the present invention. 
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FIG. 19 is an illustration showing an operation of a 
cyclic-type filter control circuit 32. 
FIG. 20 is an illustration showing one example of a 
structure of a filter processing section 27. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0081] With reference to the drawings, various em- 
bodiments of the present invention are described below. 

(First Embodiment) 



[0082] FIG. 1 is a block diagram illustrating the struc- 
ture of an image processing apparatus according to a 
first embodiment of the present invention. In FIG. 1 , the 
image processing apparatus includes a low-pass filter 
1 , a histogram detecting circuit 2, a maximum value de- 
tecting circuit 3, a minimum value detecting circuit 4 a 
maximum value correcting circuit 5, a minimum value 
correcting circuit 6, a first subtracting circuit 7, a second 
subtracting circuit 8 ; a dividing circuit 9, and a multiply- 
ing circuit 1 0. 

[0083] The operation of the present embodiment is 
described below. First, an input video luminance signal 
25 is supplied to the low-pass filter 1 . The low-pass filter 1 
removes isolation point information from the input video 
luminance signal for output. The output signal is sam- 
pled in horizontal and vertical directions at respective 
appropriate sampling rates : and is then supplied to the 
30 histogram detecting circuit 2. the maximum value de- 
tecting circuit 3, and the minimum value detecting circuit 
4. These histogram detecting circuit 2. maximum value 
detecting circuit 3, and minimum value detecting circuit 
4 respectively detect, for each field, a maximum value 
Kmax, a minimum value Kmin, and information about 
distribution in a gray scale direction in a detection WIN- 
DOW set within a screen. 

[0084] Note that the sampling rates may be discretely 
set so that, for example, sampling is performed for every 
40 horizontal four dots, for every vertical four lines or for 
all pixels. Also, the detected values including the maxi- 
mum value may be updated at a rate of each field or 
each frame, or a further slower rate. The detection WIN- 
DOW may be set so as not to include a black level un- 
45 related to images (for example, black located at upper 
and lower portions of a wide screen movie) or a white 
level (subtitles in movies or the like). 
[0085] The detected maximum value Kmax and min- 
.mum value Kmin are corrected in the maximum value 
correcting circuit 5 and the minimum value correcting 
circuit 6, respectively based on the output results of the 
histogram detecting circuit 2, and arc then outputtcd as 
a corrected maximum value Lmax and a corrected min- 
imum value Lmin. This correcting operation is described 
55 further below. The input video luminance signal is cor- 
rected based on these corrected maximum value Lmax 
and corrected minimum value Lmin, and are then out- 
putted as an output video luminance signal from the im- 
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age processing apparatus. To describe more specifical- 
ly, in the first subtracting circuit 7, based on the corrected 
maximum value Lmax and the corrected minimum value 
Lmin. (Lmax - Lmin) is calculated. In the dividing circuit 
9, based on the calculation result (Lmax - Lmin) of the 
first subtracting circuit 7 and a maximum value MAX of 
a luminance signal after correction (a maximum value 
in a signal processing system), a division is performed 
as MAX/(Lmax - Lmin). In the second subtracting circuit 
8 : based on the input video luminance signal L and the 
corrected minimum value Lmin, an operation of (L - 
Lmin) is calculated. In the multiplying circuit 10, based 
on an output of the dividing circuit 9 and an output of the 
second subtracting circuit 8, an operation of MAX/(Lmax 
- Lmin) x (L - Lmin) is calculated. This calculation result 
is output as an output video luminance signal. 
[0086] Here : prior to descriptions of effects of correct- 
ing the gray scale in the present embodiment, a conven- 
tional method of correcting the gray scale is first de- 
scribed. FIG. 2 illustrates an input-output relationship in 
a conventional image processing apparatus. As illustrat- 
ed in FIG. 2, in the conventional image processing ap- 
paratus, the detected maximum value Kmax and mini- 
mum value Kmin of the input video luminance signal are 
respectively extended to the maximum value MAX and 
a minimum value MIN of an output signal. The maximum 
value MAX is a maximum value of the dynamic range of 
the processing system (equivalent to 1023 in 10-bit 
processing), while the minimum value MIN is a minimum 
value of the dynamic range of the processing system (0, 
in general). Data at levels between the maximum value 
Kmax and the minimum value Kmin in the input video 
luminance signal are converted to data between the 
maximum value MAX and the minimum value MIN. With 
this, a signal using the entire dynamic range of the 
processing system is output for each field, for example. 
Therefore, the contrast of the displayed image can be 
enhanced. With this method, however, sufficient correc- 
tion effects cannot be obtained if the detected maximum 
value Kmax approximately coincides with the maximum 
value MAX despite a dark scene, for example. There- 
fore, the image processing apparatus according to the 
present embodiment does not use the maximum value 
Kmax and the minimum value Kmin as they are, but us- 
es the corrected maximum value Lmax and the correct- 
ed minimum value Lmin, which are obtained by optimal- 
ly correcting the above values in accordance with the 
scene on the screen, for correcting the gray scale. The 
method of correcting the gray scale in the present em- 
bodiment is described below. 

[0087] In the image processing apparatus according 
to the present embodiment, based on the maximum val- 
ue Kmax and minimum value Kmin detected in the input 
video luminance signal, the corrected maximum value 
Lmax and the corrected minimum value Lmin are first 
calculated. How to calculate these corrected maximum 
value Lmax and corrected minimum value Lmin is de- 
scribed further below in detail. Then, as with the con- 



ventional method of correcting the gray scale, the input 
video luminance signal is corrected so that the corrected 
maximum value Lmax and the corrected minimum value 
Lmin are respectively extended to the maximum value 

5 MAX and the minimum value MIN of an output signal. 
This corresponds to the above-described operation of 
MAX/(Lmax - Lmin) x (L - Lmin). 
[0088] Meanwhile, in the case as described above 
where the detected maximum value Kmax approximate- 
ly |y coincides with the maximum value MAX despite a 
dark scene, evenly enhancing the entire contrast as in 
the conventional method is not particularly effective. 
Rather, with the contrast of a dark portion which occu- 
pies most of the screen being enhanced even by allow- 

15 ing white crush in a few bright parts, better video display 
on the screen can be achieved as a whole. In view of 
the above, the corrected maximum value Lmax and the 
corrected minimum value Lmin are calculated in the 
present embodiment. 

20 [0089] A method of calculating the corrected maxi- 
mum value Lmax and the corrected minimum value 
Lmin is specifically described below. First, in the histo- 
gram detecting section 2, histogram information is de- 
tected in an output signal of the low-pass filter 1 . Hcrc- 

25 inafter, a case where an amount of distribution n1 of a 
first part of a four-part split histogram is used as illus- 
trated in FIG. 3(a) is exemplarily described. Based on 
the histogram information detected by the histogram de- 
tecting circuit 2, the maximum value correcting circuit 5 

30 and the minimum value correcting circuit 6 correct the 
maximum value Kmax and the minimum value Kmin out- 
put from the maximum value detecting circuit 3 and the 
minimum value detecting circuit 4, respectively. Here, 
the minimum value correcting circuit 6 performs the cor- 

35 recting process so as to decrease the minimum value 
Kmin when the amount of distribution n1 of the first part 
of the four-part split histogram supplied as the histogram 
information by the histogram detecting circuit 2 is suffi- 
ciently large and, conversely, to increase the minimum 

40 value Kmin when n1 is sufficiently small. With this, black 
can be enhanced when a distribution of black is small, 
while the gray scale of black can be kept when the dis- 
tribution of black is large. This correcting method is il- 
lustrated in FIG. 3(b). In FIG. 3(b), a converting function 

^5 for the amount of distribution n1 and an amount of cor- 
rection D (= the corrected minimum value Lmin - the min- 
imum value Kmin) is represented as D = f(n1 ) This func- 
tion should be optimized in accordance with a display 
device. Similarly, with regard to a gray scale of white, 

50 the correcting process is performed so as to increase 
the maximum value Kmax when an amount of distribu- 
tion n4 of a fourth part of the four-part split histogram is 
sufficiently large and, conversely, to decrease the max- 
imum value Kmax when n4 is sufficiently small. 

55 [0090] Note that the histogram information is not re- 
stricted to the amount of distribution of the first and 
fourth parts of the four-part split histogram, and informa- 
tion other than the first and fourth can be referred to. 
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Also, the number of splits of the histogram is not restrict- 
ed to four, and the histogram can be more finely split 
into, for example, eight or sixteen. Furthermore, the cor- 
recting process with the histogram distribution informa- 
tion may be performed only on the minimum value or 
the maximum value. Still further for the purpose of keep- 
ing a ratio of each color of RGB after correction constant 
color-difference signals may be additionally corrected in 
proportion to the correction of the video luminance siq- 
nal. 3 

[0091] With the above-described operation of the im- 
age processing apparatus according to the present em- 
bodiment, sufficient gray-scale correction can be per- 
formed by making use of the dynamic range of the 
processing system within a luminance level range as il- 
lustrated in FIG. 4, where a large distribution of black 
that occupies most of the screen is observed, even in 
the case as described where the detected maximum val- 
ue Kmax approximately coincides with the maximum 
value MAX despite a dar k scene. Note that, with this cor- 
recting process, data between the corrected maximum 
value Lmax and the maximum value Kmax is output as 
the maximum value MAX, thereby causing white crush 
to occur. However, the amount of such data within that 
range is originally small. Therefore, by allowing this bet- 
ter video display on the screen can be achieved as a 
whole. 

[0092] Note that, the correcting process in the present 
embodiment is performed such that, depending on the 
histogram information, the corrected minimum value 
Lm.n may become smaller than the minimum value 
Kmm or the corrected maximum value Lmax may be- 
come larger than the maximum value Kmax. What this 
means is briefly described below. 
[0093] In the present embodiment, the maximum val- 
ue Kmax and the minimum value Kmin detected by the 
maximum value detecting circuit 3 and the minimum val- 
ue detecting circuit 4 are a maximum value and a mini- 
mum value, respectively of a signal obtained after in- 
formation at an isolation point is removed to some de- 
gree from the original input video luminance signal by 
the low-pass filter 2 and}hen further sampling at a pre- 
determined sampling rate is performed. Therefore in 
the actual input video luminance signal, video informa- 
tion originally required may exist even it is smaller than 
the minimum value Kmin illustrated in FIG. 4. The same 
goes for data lhat is larger lhan the maximum value 
Kmax. In such cases, with the conventional correcting 
method as illustrated in FIG. 2, for example, the data as 
described above is handled as data of the maximum val- 
ue MAX or the minimum data MIN and, consequently 
the gray-scale information is lost. However, when the 
scene is determined as being dark based on the histo- 
gram results as illustrated in FIG. 4. for example, if the 
corrected minimum value Lmin is made smaller than the 
minimum value Kmin, the video information originally re- 
quired can be regarded although the corrected minimum 
value is smaller than the minimum value Kmin There- 



fore, better image display can be performed in accord- 
ance with the scene. 

[0094] Note that the correcting process of making the 
corrected minimum value Lmin smaller than the mini- 

5 mum value Kmin or making the corrected maximum val- 
ue Lmax larger than the maximum value Kmax is mean- 
ingful because of the above-described reason There- 
fore, such a correcting process is not especially mean- 
ingful if the maximum value detecting circuit 3 and the 

10 minimum value detecting circuit 4 are'eonstructed so as 
to detect the maximum value Kmax and the minimum 
value Kmin by taking all video information originally re- 
quired into consideration. 

[0095] As described above; according to the first em- 
's bodiment, a correcting process based on the histogram 
distribution information is performed for extending a 
maximum value and a minimum value of an input video 
luminance signal to a dynamic range. Therefore, optimal 
correction effects can be obtained in accordance with 
the scene. Also, problems that occur in the above cor- 
recting process, such as black crush and white crush 
can be mitigated. Thus, the gray scale of black and white 
levels and the contrast can both be satisfied. 

25 (Second Embodiment) 



[0096] FIG. 5 illustrates the construction of an image 
processing apparatus according to a second embodi- 
ment of the present invention. Note that, in FIG 5 com- 
30 ponents similar to those in the image processing appa- 
ratus illustrated in FIG. 1 are provided with the same 
reference numerals, and are not described herein. 
[0097] A concept of correcting the minimum value in 
the present embodiment is similar to that in the first em- 
35 bodiment. In addition, with a bend point correcting circuit 
11, a bend point of black extension is corrected based 
on the histogram distribution information. The principle 
of operation of a black extension correcting circuit 12 is 
described with reference to FIG. 6. The black extension 
<o correct.ng circuit 12 is supplied with the minimum value 
Lmin in a detection WINDOW output from the minimum 
value correcting circuit 6 for each field, a bend point Lio 
obtained by correcting a bend point initial value Kio in 
the bend point correcting circuit 11 , and an input video 
luminance signal. Based on the determination that a sig- 
nal level smaller than the supplied Lmin does not exist 
the black extension correcting circuit 12 extends a black 
level by bending a line representing a range below the 
bend point Lio.. resulting in a line as illustrated in the 
50 drawing that represents characteristics after correction 
This circuit can be achieved by hardware such as FPGA, 
or by software on a microcomputer, for example Note 
that how to calculate the corrected minimum value Lmin 
is similar to that in the above-described first embodi- 
55 ment, and therefore is not described herein. 

[0098] The bend point correcting circuit 1 1 calculates 
an amount of correction D at the bend point as illustrated 
in FIG. 7, based on the distribution information detected 



12 



BNSDCCID:<EP 1359746A1J_> 



23 

by the histogram detecting circuit 2, such as the amount 
of distribution n1 of the first part of the four-part split his- 
togram as illustrated in FIG. 3(a), for example. A function 
of D = g(n1) should be optimized by considering the 
function in combination with the amount of correction of 
the minimum value in accordance with the display de- 
vice. 

[0099] In the present embodiment, the input video lu- 
minance signal is corrected with the above operation. 
For the purpose of keeping a ratio of each color of RGB 
after correction constant, color-difference signals may 
be additionally corrected in proportion to the correction 
of the video luminance signal. 

[0100] As described above, according to the second 
embodiment, the minimum value is detected for each 
field. The detected minimum value is corrected based 
on the luminance distribution of that field. Further, the 
bend point for defining the range to be extended is also 
corrected based on the luminance distribution. Based 
on thus corrected minimum value and bend point, a 
process of correcting black extension is performed. 
Therefore, problems such as black crush that occurs at 
the time of correcting black extension can be mitigated, 
and the gray scale of the black levet and the contrast 
can both be satisfied. 

(Third Embodiment) 

[0101] FIG. 8 illustrates the construction of an image 
processing apparatus according to a third embodiment 
of the present invention. Note that, in FIG. 8, compo- 
nents similar to those in the image processing apparatus 
illustrated in FIG. 1 or FIG, 5 are provided with the same 
reference numerals, and are not described herein. 
[0102] A concept of correcting the maximum value in 
the present embodiment is similar to that in the first em- 
bodiment. Also, a concept of correcting the bend point 
is similar to that in the second embodiment. The princi- 
ple of operation of a white extension correcting circuit 
13 is now described with reference to FIG. 9. The white 
extension correcting circuit 13 is supplied with the max- 
imum value Lmax in a detection WINDOW output from 
the maximum value correcting circuit 5 for each field, a 
bend point Lao obtained by correcting a bend point initial 
value in the bend point correcting circuit 1 1 , and an input 
video luminance signal. Based onthe determination that 
a signal level larger than the supplied Lmax does not 
exist, the white extension correcting circuit 13 extends 
a white level by bending a line representing a range 
above the bend point Lao, resulting in a line as illustrated 
in the drawing that represents characteristics after cor- 
rection. This circuit can bo achieved by hardware such 
as FPGA, or by software on a microcomputer, for exam- 
ple. Note that how to calculate the corrected maximum 
value Lmax is similar to that in the above-described first 
embodiment, and therefore is not described herein. 
[0103] The bend point correcting circuit 11 calculates 
a bend point based on distribution information detected 
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by the histogram detecting circuit 2, such as : for exam- 
ple, the amount of distribution n4 of the fourth part of the 
four-part split histogram as illustrated in FIG. 3(a). 
[0104] In the present embodiment, the input video lu- 

5 minance signal is corrected with the above operation. 
For the purpose of keeping a ratio of each color of RGB 
after correction constant, color-difference signals may 
be additionally corrected in proportion to the correction 
of the video luminance signal. 

10 [0105] As described above, according to the third em- 
bodiment, the maximum value is detected for each field. 
The detected maximum value is corrected based on the 
luminance distribution of that field. Further, the bend 
point for defining the range to be extended is also cor- 

15 rected based on the luminance distribution. Based on 
thus corrected maximum value and bend point, a proc- 
ess of correcting white extension is performed. There- 
fore, problems such as white crush that occurs at the 
lime of correcting while exlension can be miligaled, and 

20 the gray scale of the white level and the contrast can 
both be satisfied. 

(Fourth Embodiment) 

25 [0106] FIG. 10 illustrates the construction of an image 
processing apparatus according to a fourth embodiment 
of the present invention. In the present embodiment, an 
input video luminance signal is corrected and is then 
output as an output luminance signal. The image 
30 processing apparatus according to the present embod- 
iment is especially applied to a case where video color- 
difference signals are also corrected based on the out- 
put luminance signal for image display. Furthermore, 
this is also applied to a case where these corrected vid- 
35 eo luminance signal and video color-difference signals 
are converted into RGB signals for image display. The 
operation in the present embodiment is described be- 
low. 

[0107] The input video luminance signal is corrected 
-to by a gray-scale correcting circuit 14 so that a dynamic 
range is extended, such as black extension or white ex- 
tension. Note that the images processing apparatuses 
according to the first to third embodiments can be used 
as the gray-scale correcting circuit 1 4. In general, if gain 
45 of a luminance signal has been corrected, gain of color- 
difference signals should also be corrected for each pix- 
el in a similar manner lo thai of the luminance signal in 
order to keep a ratio of RGB after RGB signal conver- 
sion. At this time, if the degree of correcting a luminance 
50 signal Y is large, there is a problem at the time of cor- 
recting the color-difference signals U and V that at least 
one of the color-diffcrcncc signals U and V become sat- 
urated so as to go over the dynamic range of the signal 
processing system. Even if any color-difference signal 
55 does not go over the dynamic range at the time of cor- 
rection, there still is a problem at the time of converting 
the corrected YUV signals into RGB signals that at least 
one color of RGB is saturated to go over the dynamic 
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range of the signal processing system. If any of the 
color-difference signals U and V and the RGB signals is 
saturated to go over the dynamic range of the signal 
processing system, original gray-scale information of 
data overflowed from the dynamic range is lost and its 
color is crushed. 

[0108] In the present embodiment, in order to get 
around the above problems, an input color-difference 
signal level is detected. When the color-difference sig- 
nals U and V have values larger than a predetermined 
value, correction of the luminance signal is limited This 
can avoid saturation of the corrected color-difference 
signals U and V and, furthermore, the RGB signals after 
RGB conversion. 

[0109] To do this, in a color-difference signal level de- 
tecting circuit 16, a component ICI representing the 
magnitude of the input video color-difference signal is 
detected. This ICI may be either one of the components 
representing the magnitudes of the U and V signals 
which is larger, or attention may focus only on one of the 
components representing the magnitudes of the U and 
V signals. A corrected luminance signal limiter circuit 1 5 
outputs an output video luminance signal based on an 
input video luminance signal, which is a signal Y1 before 
gray-scale correction, a signal Y2 after gray-scale cor- 
rection output from the gray-scale correcting circuit 14 
and the detection results of the color-difference signal 
level detecting circuit 16. FIG. 11 illustrates a relation 
between the color-difference signal level ICI supplied to 
the corrected luminance signal limiter circuit 15 and an 
output signal of the corrected luminance signal limiter 
circuit 15. that is. an output video luminance signal Yout 
As illustrated in FIG. 11 , in determining that the above- 
described saturation problem does not occur for a pixel 
that is within a range where the color- difference signal 
level ICI is smaller than a threshold value C2, the cor- 
rected luminancesignal limiter circuit 15 outputs a signal 
Y2 after gray-scale correction as it is as the correction 
result Yout. On the other hand, in determining that the 
above-described saturation problem occurs for a pixel 
that is within a range where the color-difference signal 
level ICI is equal to or larger than the threshold value 
C2 and smaller than C1 , the corrected luminance signal 
limiter circuit 1 5 outputs a signal at a level corresponding 
to the color-difference signal level ICI from among levels 
from the signal Y2 after gray-scale correction to a signal 
Y1 arter gray-scale correction. Specifically, for example 
based on the signal Y1 before gray-scale correction . the 
signal Y2 after gray-scale correction, the color-differ- 
ence signal level ICI, and the threshold values C1 and 
C2, what is output is the correction result Yout that sat- 
isfies Yout = (Y2 - Y1 )/(C2 - C1 ) x (ICI-C1 ) , Y1 . On tho 
other hand, when the color-difference signal level ICI is 
equal to or larger than the threshold value C1 , it is de- 
termined that the above-described saturation problem 
occurs, and what is output is the signal Y1 before gray- 
scale correction as it is, that is, a luminance signal of 
that pixel without correction. 



[0110] Regarding the color-difference signals, a cor- 
recting process is performed thereon so as to satisfy the 
following: color-difference signals Cout after correction 
= color-difference signals Cin before correction x Yout / 
5 Y1 , based on a ratio of the output video luminance signal 
Yout obtained by the image processing apparatus of the 
present embodiment and the input video luminance sig- 
nal Y1 With this, the ratio of RGB is kept constant. When 
thus obtained output video luminance signal Yout and 
10 color-difference signals Cout (YUV) after correction are 
subjected to matrix conversion into RGB, any RGB 
alone does not go over the dynamic range of the signal 
processing system. Therefore, the above-described 
saturation problem can be avoided. 
15 [0111] In the above descriptions of the present em- 
bodiment, the case has been described where a video 
signal is ultimately converted into RGB signals for image 
display. When image display is made by YUV signals 
the input-output relation in the corrected luminance sig- 
2 0 nal limiter circuit 15 illustrated in FIG. 11 is set to a de- 
gree such that at least U and V signals are not saturated 
[0112] In the present embodiment, the input-output 
relation in the corrected luminance signal limiter circuit 
15 is as illustrated in FIG. 11. This is not meant to be 
25 restrictive. This input-output relation can be freely set 
as long as the above-described saturation problem can 
be avoided. 

[0113] As described above, according to the fourth 
embodiment, in a case where a correcting process for 
30 extending the dynamic range of an input video lumi- 
nance signal, such as black extension and white exten- 
sion, is performed, when the results of this correction 
are used for correcting the color-difference signals it is 
possible to avoid the color-difference signals after cor- 
35 rection from being saturated to go over the dynamic 
range of the signal processing system. Furthermore, al- 
so when the corrected luminance signal and color-dif- 
ference signals are converted into RGB signals for im- 
age display, it is possible to avoid the RGB signals from 
40 being saturated to go over the dynamic range of the sig- 
nal processing system. Therefore, problems such as 
color crush due to luminance correction can be avoided 
and degradation in display quality due to gray-scale cor- 
rection can be prevented. 

45 

(Fifth Embodiment) 



[01 14] A fifth embodiment is directed to a case where 
for example, a maximum value of the input video lumi- 
50 nance signal has to be obtained for gray-scale correc- 
tion (by way of example, a case where the white exten- 
sion correcting circuit 13 illustrated in FIG. 8 is used for 
gray-scale correction, etc.). In this case, a level of infor- 
mation such as white characters or the like included in 
55 the input video luminance signal is provisionally re- 
placed by a level smaller than a maximum value of the 
ong.nal image, and then a maximum value is detected 
thereby detecting the true maximum value of the original 
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image. 

[01 15] FIG. 1 2 is a block diagram illustrating the con- 
struction of an image processing apparatus according 
to the fifth embodiment of the present invention. The im- 
age processing apparatus includes a first maximum val- 
ue detecting circuit 1 7, a histogram detecting circuit 1 8, 
a comparing circuit 1 9, a replacing circuit 20, a low-pass 
filter 21 , and a second maximum value detecting circuit 
22. The operation in the fifth embodiment is described 
below. 

[0116] The image processing apparatus is supplied 
with an input video luminance signal. This input video 
luminance signal is supplied to the first maximum value 
detecting circuit 17, the histogram detecting circuit 18, 
and the replacing circuit 20. Based on the input video 
luminance signal, the first maximum value detecting cir- 
cuit 17 detects a maximum value of a luminance level 
within a display area for each field or each frame. Then, 
luminance level values between the detecled maximum 
value (hereinafter referred to as MAX value) and the 
MAX value - M are output to the histogram detecting cir- 
cuit 18 and the replacing circuit 20. The value of M 
should be optimally set in accordance with the lumi- 
nance width of white characters desired to be detected 
and, in general, is an integer of the range of 2 to 5. 
[0117] The histogram detecting circuit 18 detects lu- 
minance distribution information of the input video lumi- 
nance signal, and then outputs, to the comparing circuit 
19, an amount of distribution of the input video lumi- 
nance signal at each luminance level from the MAX val- 
ue to the MAX value - M supplied by the first maximum 
value detecting circuit 1 7. The comparing circuit 1 9 cal- 
culates a difference in the amount of distribution be- 
tween the adjacent luminance levels, and when the dif- 
ference in the amount of distribution is larger than a ref- 
erence value W externally set, outputs information indi- 
cating as such. This detection of a large difference in 
the amount of distribution means detection of white 
characters such as subtitles. When an image including 
white characters such as subtitles is supplied, as illus- 
trated in FIG. 13, distribution can be observed as having 
some luminance level width away from the original im- 
age information. In the present embodiment, by using 
such characteristics of the luminance levels ot an image 
including white characters, the white characters are de- 
tected. 

[0118] A process of delecting the while characters is 
specifically described below by taking an exemplary 
case where the above M is 3. Output from the histogram 
detecting circuit 18 are: an amount of distribution of the 
MAX value, an amount of distribution of (MAX value - 
1 ), an amount of distribution of (MAX value - 2), and an 
amount of distribution of (MAX value - 3). Based on 
these amounts of distribution, the comparing circuit 19 
calculates: an amount of distribution obtained by the 
amount of distribution of the MAX value - (MAX value - 
1 ) (hereinafter, DEMAX1 ) ; an amount of distribution ob- 
tained by the amount of distribution of (MAX value - 1) 



- (MAX value -2) (hereinafter, DEMAX2); andan amount 
of distribution obtained by the amount of distribution of 
(MAX value - 2) - (MAX value - 3) (hereinafter 
DEMAX3) . When a difference exceeding the reference 

5 value W externally set is detected, it is determined that 
this represents outstanding information unrelated to the 
video, such as white characters unrelated to the video. 
Since white character information and original image in- 
formation that is immediately below in luminance level 

10 has a difference, it is determined that the difference rep- 
resents white characters. If the above DEMAX3 is suf- 
ficiently large so as to go over the reference value W, 
this information is output from the comparing circuit 19 
to the replacing circuit 20, where it is determined that 

15 the MAX value, the MAX value - 1 , and the MAX value 

- 2 represent white character information, and the signal 
levels of these are replaced by sufficiently small levels. 
The levels for use in replacing can be 0 if gray-scale 
correction is not performed in the vicinity of black, and 

20 can be intermediate luminance levels if black correction 
is performed. An output of the replacing circuit 20 is sup- 
plied to the low-pass filter 21 for eliminating isolation 
point information, where the output is subjected to filter 
processing, and is then supplied to the second maxi- 
ms mum value detecting circuit 22, where a maximum value 
of the displayed image is detected for each field or each 
frame. In this manner, an output maximum value signal 
is output. As such, white characters are detected and 
then replaced by those at sufficiently low luminance lev- 
30 els, and a maximum value is again detected, thereby 
enabling the true maximum value of the original image 
to be detected. 

[0119] Note that, although 3 is used as the above val- 
ue of M in the present invention, the value should be 

35 optimally set depending on the luminance width of white 
characters desired to be detected. Furthermore, the ref- 
erence value W should also be set depending on the 
luminance level of the white characters desired to be 
detected. The low-pass filter 21 may perform filter 

-to processing in only either one of horizontal and vertical 
directions, or may perform filter processing in both di- 
rections. 

[0120] An example of gray-scale correction using the 
maximum value detected by the present embodiment is 

^5 described with reference to FIG. 14. In the gray-scale 
correction illustrated in FIG. 1 4, a bend point is optimally 
set, and correction is performed so that the delected 
MAX value becomes a maximum value of the dynamic 
range of the signal processing system. As for a gray 

50 scale from the bend point to the MAX value, correction 
is performed so that a line can be drawn from the cor- 
rected maximum value to the bend point. With this cor- 
rection, a gray scale larger than the maximum value, 
which would not have been originally used, can be ef- 

55 fectively used. That is, as illustrated in FIG. 14, an input 
D range is extended to an output D range. In such white 
extension correction, when the detected MAX value is 
larger than that of the original image due to white char- 
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acter information or the like, a gray scale to be extended 
becomes less, and therefore correction effects are re- 
duced. 

[0121] As described above, according to the fifth em- 
bodiment, even when the video signal includes informa- 
tion such as white characters, the true maximum value 
of the original image can be detected. Therefore by us- 
ing the maximum value obtained by the present embod- 
iment it is possible to effectively operate gray-scale cor- 
rection such as white extension as illustrated in FIG. 14. 
[0122] In the present embodiment, as illustrated in 
FIG. 13, information such as white characters is deter- 
mined based on the magnitude of the difference in the 
amount of distribution between adjacent luminance lev- 
els. This is not meant to be restrictive. For example as 
illustrated in FIG. 13 : information such as white charac- 
ters can be determined based on the fact that the 
amount of distribution of the signal becomes 0 at a level 
of the MAX value - M. Olher than this example, various 
schemes can be thought of. However, when it is deter- 
mined whether the amount of distribution is 0. erroneous 
determination may occur due to information such as 
noise. Nevertheless, by making this determination 
based on the difference in the amount of distribution as 
in the present embodiment, more accurate determina- 
tion is possible without being affected by noise or the 
like. 

[0123] In the present embodiment, information such 
as white characters is determined based on the amount 
of distribution of the luminance signal from the MAX val- 
ue detected by the first maximum value detecting circuit 
17 to a luminance level that is M levels away from the 
MAX value. However, if determination of white charac- 
ters, etc., is made irrespectively of the MAX value or the 
value of M, it is highly possible that information of the 
original image other than the white characters is erro- 
neously determined as white characters. In a sense that 
such erroneous determination should be avoided the 
value of M is preferably set to a value closer to the width 
of luminance distribution of the white characters to be 
detected. 



(Sixth Embodiment) 

[0124] A sixth embodiment is directed to a case 
where, for example, a minimum value of an input video 
luminance signal has to be obtained for use in gray- 
scale correction (by way of example, a case where the 
black extension correcting circuit 12 illustrated in FIG 5 
is used for gray-scale correction, etc.) In this case 
blanking included in the input video luminance signal or 
information such as black portions located at upper and 
lower portions of a cinema source is provisionally re- 
placed by information at a level larger than a minimum 
value of the original image, and then a minimum value 
is detected, thereby detecting the true minimum value 
of the original image. 

[01 25] FIG. 1 5 is a block diagram illustrating the con- 



struction of an image processing apparatus according 
to the sixth embodiment of the present invention. Note 
that, in FIG. 1 5. components identical to those of the fifth 
embodiment illustrated in FIG. 12 are provided with the 
5 same reference numerals, and are not described herein 
In the present embodiment, an input video luminance 
signal is supplied to a first minimum value detecting cir- 
cuit 23 and the histogram detecting circuit 18. The first 
minimum value detecting circuit 23 detects a minimum 
10 value within a display area for each field or each frame 
At this time, the first minimum value detecting circuit 23 
outputs, in addition to a minimum value (hereinafter 
MIN value), values up to the MIN value + L to the histo- 
gram detecting circuit 1 8 and the replacing circuit 20 L 
™ is an integer of the range of 2 to 5. The histogram de- 
tecting circuit 18 detects luminance distribution informa- 
tion of the input video luminance signal, and then out- 
puts an amount of distribution from the MIN value to the 
MIN value + L supplied by the first minimum value de- 
*> tect.ng circuit 23 to the comparing circuit 19. The com- 
paring circuit 19 calculates a difference in the amount 
of distribution between adjacent luminance levels at lu- 
minance levels supplied by the histogram detecting cir- 
cuit 18. If the calculation result is greatly varied from a 
25 reference value B that can be externally set. information 
indicating as such is output to the replacing circuit 20 
This large variation means detection of a luminance lev- 
el being unrelated to the information of the original im- 
age and representing blanking or black portions located 
30 at upper and lower portions of a cinema source When 
information such as blanking is included in the video sig- 
nal, this black information is distributed as having some 
luminance level width away from the original image. 
[0126] A process of detecting this black information is 
35 specifically described by taking an exemplary case 
where the above L value is 3. The comparing circuit 19 
calculates: an amount of distribution obtained by the 
amount of distribution of the MIN value - (MIN value + 
1) (hereinafter, DEMIN1); an amount of distribution ob- 
*o tamed by the amount of distribution of (MIN value + 1 ) - 
(MIN value + 2) (hereinafter, DEMIN2); and an amount 
of distribution obtained by the amount of distribution of ; 
(MIN value + 2) - (MIN value + 3) (hereinafter. DEMIN3) - 
When a difference exceeding the reference value B ex- 
■« ternally set is detected, it is determined that this repre- 
sents outstanding information unrelated to the video, 
that is, information unrelated to the video such as blank- 
ing parts. If the above DEMIN3 is sufficiently large so as 

to go over the reference value B, this information is out- 
so put from the comparing circuit 1 9 to the replacing circuit 
20. The replacing circuit 20 determines that luminance 
level signals from the MIN value to the MIN value . 2 
represent black information unrelated to the video such 
as blanking, and replaces them by those at any suffi- 
55 ciently large luminance levels. The levels for use in re- 
placing can be a value of 1023 (10-bit processing) if 
gray-scale correction is not performed in the vicinity of 
white, and can be intermediate luminance levels if white 
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correction is performed. An output of the replacing cir- 
cuit 20 is supplied to the low-pass filter 21 for eliminating 
isolation point information, where the output is subjected 
to filter processing, and is then supplied to a second min- 
imum value detecting circuit 24. In the second minimum 
value detecting circuit 24, a minimum value of the dis- 
played image is detected for each field or each frame. 
In this manner, an output maximum value signal is out- 
put. 

[0127] According to the sixth embodiment; as in the 
above example, black levels unrelated to the original im- 
age are detected and then replaced by sufficiently high 
luminance levels, and a minimum value is again detect- 
ed, thereby enabling the true minimum value of the orig- 
inal image to be detected. 

[0128] Note that, although 3 is used as the above val- 
ue of L in the present example, the value should be op- 
timally set depending on variations in black level of a 
blanking part to be delected. Furthermore, Lhe reference 
value B should also be set depending on the black level 
desired to be detected. The low-pass filter 21 may per- 
form filter processing in only either one of horizontal and 
vertical directions, or may perform filter processing in 
both directions. 

[0129] An example of gray-scale correction using the 
minimum value detected by the image processing ap- 
paratus of the present embodiment in the above' man- 
ner is described with reference to FIG. 17. In the gray- 
scale correction illustrated in FIG. 17 : a bend point is 
optimally set, and correction is performed so that the de- 
tected MIN value becomes a minimum value of the dy- 
namic range of the signal processing system (0, in gen- 
eral). As for a gray scale from the bend point to the M IN 
value, correction is performed so that a line can be 
drawn from the corrected minimum value (0, in general) 
to the bend point. With this correction, a gray scale 
smaller than the maximum value, which would not have 
been originally used, can be effectively used. That is, as 
illustrated in FIG. 17, an input D range is extended to an 
output D range. In such black extension correction, 
when the detected MIN value is smaller than that of the 
original image due to erroneous detection of, for exam- 
ple, black in a blanking part, a gray scale to be extended 
becomes less : and therefore correction effects are re- 
duced. 

[01 30] As described above, according to the sixth em- 
bodiment, the true minimum value of the original image 
can be detected. Therefore, even when the video signal 
includes black information such as blanking, the use of 
the minimum value obtained by the present embodiment 
enables gray-scale correction such as black extension 
as illustrated in FIG. 17 to effectively operate. 

(Seventh Embodiment) 

[0131] FIG. 1 8 is a block diagram illustrating the con- 
struction of an image processing apparatus according 
to a seventh embodiment of the present invention . In the 



present embodiment, consider a case where character- 
istics such as a maximum value are detected in the input 
video luminance signal and, based on the detected max- 
imum value (for example, by using the white extension 
5 correcting circuit 13 illustrated in FIG. 8), gray-scale cor- 
rection is performed for motion pictures. In FIG. 1 8 : the 
image processing apparatus includes a maximum value 
detecting circuit 33, a cyclic-type filter 25, an APL (av- 
erage luminance level) detecting circuit 30 : an APL var- 
10 ied value detecting circuit 31 , and a cyclic-type filtercon- 
trol circuit 32. The cyclic-type filter 25 includes an input 
through section 26, a filter processing section 27, an in- 
put interrupting section 28, and a selector 291 . The op- 
eration in the seventh embodiment is described below. 
15 [0132] An input video luminance signal is supplied to 
the maximum value detecting circuit 33 and the APL de- 
tecting circuit 30. The maximum value detecting circuit 
33 detects a maximum value of the video luminance sig- 
nal within a display area for each field or each frame, 
20 and then outputs the detection result to the cyclic-type 
fitter 25. The APL detecting circuit 30 detects an APL 
(average luminance level) of the video luminance signal 
within a display area for each field or each frame, and 
then outputs the detection result to the APL varied value 
25 detecting circuit 31 . The APL varied value detecting cir- 
cuit 31 detects for a variation in APL detected by the 
APL detecting circuit 30 for each field or each frame. 
Information about this variation in APL is output to the 
cyclic -type filter control circuit 32. The cyclic-type filter 
30 control circuit 32 performs two types of control, control 
of a cyclic coefficient of the filter processing section 27 
in the cyclic type filter 25 and control of the selector 29. 
[01 33] The control of the selector 29 is now described 
with reference to FIG. 1 9. An APL varied value illustrat- 
es ed in FIG. 1 9 is represented as a ratio of the input video 
luminance signal with respect to the dynamic range. For 
example, in digital 1 0-bit processing, when the APL var- 
ied value is 50, it is represented as approximately 5% 
(50/1023). With the use of U and V (which are arbitrary 
40 integers where U > V), when the APL varied value de- 
tected by the APL varied value detecting circuit 31 is 
equal to or larger than U%, the cyclic-type filter control 
circuit 32 controls the selector 29 so that the input 
through section 26 is selected. When the APL varied val- 
45 ue is equal to or smaller than U% and equal to or larger 
than V%, the selector 29 is controlled so as to select the 
filler processing section 27. When the APL varied value 
is equal to or smaller than V%, the selector 29 is con- 
trolled so as to select the input interrupting section 28. 
50 [0134] The cyclic-type filter control circuit 32 per- 
forms, in addition to the above control of a select signal, 
control of the cyclic coefficient of the filter processing 
section 27. FIG. 20 illustrates the structure of the filter 
processing section 27. The filter processing section 27 
55 performs cyclic-type filtering on an output of the maxi- 
mum value detecting circuit 33. Data is updated for each 
field by a vertical, synchronizing signal. The filter 
processing section 27 uses a cyclic coefficient k to mul- 
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tiply an input from the maximum value detecting circuit 
33 by k, multiples a value that is fed back by (1 - k) and 
then adds both values together. The cyclic-type filter 
control circuit 32 controls the cyclic coefficient k so that 
it becomes large when the amount of A PL variation is 
large and small when the amount of APL variation is 
small. An output of the filter processing section 27 is 
supplied to the input interrupting section 28 and the se- 
lector 29. ' 

[0135] According to the present embodiment in a 
case where a motion picture source is supplied when 
he amount of APL variation is equal to or larger than 
U /o, it can be thought that one scene has been changed 
o another non-successive scene. Therefore, informa- 
tion about any previous maximum value is completely 
disregarded, and only a current input from the maximum 
value detecting circuit 33 is selected for output as an 
output maximum value signal. As such, by completely 
disregarding the information about any previous maxi- 
mum value, gray-scale correction that quickly follows 
the maximum value of the current image can be per- 
formed. On the other hand, when the amount of APL 
variation is smaller than U% and equal to or larger than 
V /o, it can be thought that the scone has boon changed 
not drastically, but successively (such as panning by a 
camera) ,n consideration of previous information 
Therefore, an input from the filter processing section 27 
«s selected. As described above, the filter processing 
section 27 performs the control so that the cyclic coef- 
ficient becomes large when the amount of APL variation 
is large (a ratio of an input from the maximum value de- 
tecting circuit 33 is made large) and the cyclic coefficient 
becomes small when the amount of APL variation is 
small (a ratio of the input from the maximum value de- 
tecting circuit 33 is made small). Thus, in successive 
scene changes, a degree of how gray-scale correction 
follows becomes increased when the changes are rela- 
tively large, while the degree of how gray-scale correc- 
tion follows becomes decreased when the changes are 
relatively small. Note that a converting function for the 
amount of APL variation and the cyclic coefficient should 
be set in accordance with a display device. On the other 
hand, the input interrupting section 28 stores outputs of 
the filter processing section 27 while updating them as 
appropriate. When the amount of APL variation be- 
comes smaller than V%, the input interrupting section 
28 slops updating of storage based on a control signal 
from the cyclic-type filter control circuit 32, and outputs 
the stored values to the selector. With this, when the 
amount of APL variation becomes a little, that is when 
part of objects become varied within the same scene 
for example, changes of the maximum value to bo de- 
tected are completely disregarded, thereby preventing 
f lickering on a display screen due to gray-scale correc- 
tion. 

[0136] As described above, according to the seventh 
embodiment, characteristic detection information of the 
displayed image, such as the maximum value is output 
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is controlled by the cyclic-type filter, or is not updated 
With this, it is possible to satisfy the requirement of 
quickly following the displayed image and also eliminat- 
ing a subtle fluctuation, thereby achieving gray-scale 
correction without causing any problem even when mo- 
tion pictures are displayed. 

[01 37] Note that the threshold values U and V should 
be optimally set in accordance with the display device 
Also, although the maximum value is taken as an exam- 
ple of the characteristic detection information it is need- 
less to say that the similar structure also goes for the 
minimum value. 

INDUSTRIAL APPLICABILITY 

[0138] As described in the foregoing, the image 
processing apparatus and the image processing meth- 
od according to the present invention correct a gray 
scale of a signal displayed on a display or ihe like by 
optimally adjusting the gray scale in accordance with a 
video scene, thereby achieving image display of high 
image quality. a 
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An ,ma 9 e Processing apparatus which corrects a 
gray scale by extending part of a luminance level 
range of an input video luminance signal to a dy- 
namic range of a processing system, comprising: 

minimum value detecting means which detects 
a minimum value of the input video luminance 
signal; 

histogram detecting means which detects lumi- 
nance distribution information of the input video 
luminance signal: 

minimum value correcting means which ob- 
tains a corrected minimum value by correcting 
the minimum value detected by the minimum 
value detecting means based on the luminance 
distribution information detected by \he histo- 
gram detecting means; and 
luminance signal correcting means which ex- 
tends the input video luminance signal so that 
the corrected minimum value obtained by the 
minimum value correcling means becomes a 
minimum value of the dynamic range of the 
processing system. 

The image processing apparatus according to claim 
1 , wherein 

the luminance distribution information is an 
amount of distribution in a predetermined lumi- 
nance range of a histogram distribution of the input 
video luminance signal. 

The image processing apparatus according to claim 
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2, wherein 

the predetermined luminance range is a lumi- 
nance range in the histogram distribution corre- 
sponding to a minimum luminance part. 

4. The image processing apparatus according to claim 
1, wherein 

the luminance signal correcting means cor- 
rects the input video luminance signal in a lumi- 
nance range to be smaller than a predetermined 
bend point. 

5. The image processing apparatus according to claim 
4, further comprising 

bend point correcting means which corrects 
the predetermined bend point in accordance with 
the luminance distribution information detected by 
the histogram detecting means. 

6. The image processing apparatus according to claim 
1 , wherein 

the minimum value detected by the minimum 
value detecting means is a minimum value of a sig- 
nal obtained after the input video luminance signal 
is subjected to sampling or been passed through a 
low-pass filter, and 

the minimum value correcting means obtains 
the corrected minimum value by correcting the min- 
imum value detected by the minimum value detect- 
ing means in a decreasing direction based on the 
luminance distribution information detected by the 
histogram detecting means. 

7. An image processing apparatus which corrects a 
gray scale by extending part of a luminance level 
range of an input video luminance signal to a dy- 
namic range of a processing system, comprising: 

maximum value detecting means which detects 
a maximum value of the input video luminance 
signal; 

r histogram detecting means which detects lumi- 
nance distribution information of the input video 
luminance signal; 

maximum value correcting means which ob- 
tains a corrected maximum value by correcting 
the maximum value detected by the maximum 
value detecting means based on the luminance 
distribution information detected by the histo- 
gram detecting means; and 
luminance signal correcting means which ex- 
tends the input video luminance signal so that 
the corrected maximum value obtained by the 
maximum value correcting means becomes a 
maximum value of the dynamic range of the 
processing system. 

8. The image processing apparatus according to claim 



7, wherein 

the luminance distribution information is an 
amount of distribution in a predetermined lumi- 
nance range of a histogram distribution of the input 
5 video luminance signal. 

9. The image processing apparatus according to claim 

8, wherein 

the predetermined luminance range is a lumi- 
nance range in the histogram distribution corre- 
sponding to a maximum luminance part. 

10. The image processing apparatus accordingto claim 
7, wherein 

the luminance signal correcting means cor- 
rects the input video luminance signal in a lumi- 
nance range to be larger than a predetermined 
bend point. 

11. The image processing apparatus according to claim 
1 0, further comprising 

bend point correcting means which corrects 
the predetermined bend point in accordance with 
the luminance distribution information detected by 
the histogram detecting means. 

1 2. The image processing apparatus according to claim 
7, wherein 

the maximum value detected by the maximum 
value detecting means is a maximum value of a sig- 
nal obtained after the input video luminance signal 
is subjected to sampling or been passed through a 
low-pass filter and 

the maximum value correcting means obtains 
the corrected maximum value by correcting the 
maximum value detected by the maximum value 
detecting means in an increasing direction based 
on the luminance distribution information detected 
by the histogram detecting means. 

13. An image processing apparatus which corrects a 
gray scale by extending part of a luminance level 
range of an input video luminance signal to a dy- 
namic range of a processing system, comprising: 

minimum value detecting means which detects 
a minimum value of the input video luminance 
signal; 

maximum value detecting means which detects 
a maximum value of the input video luminance 
signal; 

histogram detecting means which detects lumi- 
nance distribution information of the input video 
luminance signal; 

minimum value correcting means which ob- 
tains a corrected minimum value by correcting 
the minimum value detected by the minimum 
value detecting means based on the luminance 
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distribution information detected by the histo- 
gram detecting means; 

maximum value correcting means which ob- 
tains a corrected maximum value by correcting 
the maximum value detected by the maximum 
value detecting means based on the luminance 
distribution information detected by the histo- 
gram detecting means; and 
luminance signal correcting means which ex- 
tends the input video luminance signal so that 
the corrected minimum value obtained by the 
minimum value correcting means and the cor- 
rected maximum value obtained by the maxi- 
mum value correcting means respectively be- 
come a minimum value and a maximum value 
of the dynamic range of the processing system. 
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14. An image processing apparatus which corrects a 
gray scale of a displayed image by correcting an 
input video luminance signal, comprising: 20 

luminance signal correcting means which cor- 
rects the input video luminance signal and out- 
puts a video luminance signal after correction: 
color-difference signal level detecting means 
supplied with a video color-difference signal 
corresponding to the input video luminance sig- 
nal for detecting a level of the video color-dif- 
ference signal; and 

correction degree limiting means which limits a 
degree of correction of the input video lumi- 
nance signal in the luminance signal correcting 
means based on the level of the video color- 
difference signal detected by the color-differ- 
ence signal level detecting means, and produc- 
es an output as an output video luminance siq- 
nal. y 
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1 5. The image processing apparatus according to claim 
14, 

wherein 

the correction degree limiting means limits the 
degree of correction of the input video luminance 
signal so that, when the video color-difference sig- 
nal is corrected in accordance with the degree of 
correction of the input video luminance signal, a vid- 
eo color-difrerence signal after correction are pre- 
vented from being saturated to go over the dynamic 
range of the processing system. 

1 6. The image processing apparatus according to claim 
15, 

wherein 

the correction degree limiting means limits the 
degree of correction of the input video luminance 
signal so that, when the output video luminance sig- 
nal and the video color-difference signal after cor- 
rection are converted into RGB signals, the RGB 
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signals are prevented from being saturated to go 
over the dynamic range of the processing system. 

1 7. The image processing apparatus according to claim 
14, wherein 

the correction degree limiting means limits the 
degree of correction of the input video luminance 
signal by weighting the input video luminance signal 
and the corrected video luminance signal in accord- 
ance with the level of the col or- difference signal. 

18. An image processing method of correcting a gray 
scale by extending part of a luminance level range 
of an input video luminance signal to a dynamic 
range of a processing system, comprising: 

a minimum value detecting step of detecting a 
minimum value of the input video luminance 
signal; 

a histogram detecting step of detecting lumi- 
nance distribution information of the input video 
luminance signal; 

a minimum value correcting step of obtaining a 
corrected minimum value by correcting the min- 
imum value detected in the minimum value de- 
tecting step based on the luminance distribu- 
tion information detected in the histogram de- 
tecting step; and 

a luminance signal correcting step of extending 
the input video luminance signal so that the cor- 
rected minimum value obtained in the minimum 
value correcting step becomes a minimum val- 
ue of the dynamic range of the processing sys- 
tem. 

19. An image processing method of correcting gray 
scale by extending part of a luminance level range 
of an input video luminance signal to a dynamic 
range of a processing system, comprising: 

a maximum value detecting step of detecting'a 
maximum value of the input video luminance 
signal: 

a histogram detecting step of detecting lumi- 
nance distribution information of the input video 
luminance signal; 

a maximum value correcting step of obtaining 
a corrected maximum value by correcting the 
maximum value detected in the maximum val- 
ue detecting step based on the luminance dis- 
tribution information detected in the histogram 
detecting step; and 

a luminance signal correcting step of extending 
the input video luminance signal so that the cor- 
rected maximum value obtained in the maxi- 
mum value correcting step becomes a maxi- 
mum value of the dynamic range of the 
processing system. 
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20. An image processing method of correcting a gray 
scale by extending part of a luminance level range 
of an input video luminance signal to a dynamic 
range of a processing system, comprising: 

a minimum value detecting step of detecting a 
minimum value of the input video luminance 
signal; 

a maximum value detecting step of detecting a 
maximum value of the input video luminance 
signal; 

a histogram detecting step of detecting lumi- 
nance distribution information of the input video 
luminance signal; 

a minimum value correcting step of obtaining a 
corrected minimum value by correcting the min- 
imum value detected in the minimum value de- 
tecting step based on the luminance distribu- 
tion information delected in the histogram de- 
tecting step; 

a maximum value correcting step of obtaining 
a corrected maximum value by correcting the 
maximum value detected in the maximum val- 
ue detecting stop based on the luminance dis- 
tribution information detected in the histogram 
detecting step; and 

a luminance signal correcting step of correcting 
the input video luminance signal so that the cor- 
rected minimum value obtained inthe minimum 
value correcting step and the corrected maxi- 
mum value obtained in the maximum value cor- 
recting step respectively become a minimum 
value and a maximum value of the dynamic 
range of the processing system. 

21. An image processing method of correcting a gray 
scale by extending part of a luminance level range 
of an input video luminance signal to a dynamic 
range of a processing system, comprising: 

a video luminance signal correcting step of cor- 
recting the input video luminance signal and 
outputting a video luminance signal after cor- 
rection; 

a color-difference signal level detecting step of 
detecting a level of video color-difference signal 
that is supplied corresponding to the input vid- 
eo luminance signal; and 
a correction degree limiting step of limiting a de- 
gree of correction of the input video luminance 
signal in the luminance signal correcting step 
based on the level of the video color-difference 
signal detected in the color-difference signal 
level detecting step, and producing an output 
as an output video luminance signal. 

22. An image processing apparatus which detects a 
maximum luminance level of an original image in an 



input video luminance signal, comprising: 

first maximum value detecting means which de- 
tects in the input video luminance signal a max- 

5 imum luminance level in a display area; 

histogram detecting means which detects an 
amount of distribution of the input video lumi- 
nance signal at each luminance level in a lumi- 
nance level range including the maximum lumi- 

10 nance level detected by the first maximum val- 

ue detecting means and a luminance level ad- 
jacent thereto; 

comparing means which determines, based on 
the amount of distribution detected by the his- 
15 togram detecting means, whether the lumi- 

nance level range includes information which is 
located at a luminance level away from the orig- 
inal image and is unrelated to the original im- 
age; 

20 replacing means which replaces, when the 

comparing means determines that the informa- 
tion unrelated to the original image is included, 
a luminance level with respect to the unrelated 
information in the input video luminance signal 

25 by a luminance level which unaffects detection 

of the maximum luminance level of the original 
image; and 

second maximum value detectingmeans which 
detects a maximum luminance level in an input 
30 video signal obtained after the luminance level 

with respect to the unrelated information is re- 
placed by the replacing means. 

23. The image processing apparatus according to claim 
35 22, wherein 

the comparing means calculates a difference 
in an amount of distribution between adjacent lumi- 
nance levels in the luminance level range, and 
when the difference in the amount of distribution is 
40 larger than a predetermined value, determines that 
the luminance level range includes the information 
unrelated to the original image. 

24. The image processing apparatus according to claim 
45 22, 

wherein 

the luminance level range includes two to five 
luminance levels. 

so 25. An image processing apparatus which detects in an 
input video luminance signal a minimum luminance 
level of an original image, comprising: 

first minimum value detecting means which de- 
55 tects in the input video luminance signal a min- 

imum luminance level in a display area; 
histogram detecting means which detects an 
amount of distribution of the input video lumi- 
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nance signal at each luminance level in a lumi- 
nance level range including the minimum lumi- 
nance level detected by the first minimum value 
detecting means and a luminance level adja- 
cent thereto; 

comparing means which determines, based on 
the amount of distribution detected by the his- 
togram detecting means, whether the lumi- 
nance level range includes information which is 
located at a luminance level away from the orig- 
inal image and is unrelated to the original im- 
age; 

replacing means which replaces, when the 
comparing means determines that the informa- 
tion unrelated to the original image is included 
a luminance level with respect to the unrelated 
information in the input video luminance signal 
by a luminance level which unaffects detection 
of the minimum luminance level of the original 
image; and 

second minimum value detecting means which 
detects a minimum luminance level in an input 
video signal obtained after the luminance level 
with respect to the unrelated information is re- 
placed by the replacing means. 

26. The image processing apparatus according to claim 
25, wherein 

the comparing means calculates a difference 
m an amount of distribution between adjacent lumi- 
nance levels in the luminance level range and 
when the difference in the amount of distribution is 
arger than a predetermined value, determines that 
the luminance level range includes the information 
unrelated to the original image. 35 

27. The image processing apparatus according to claim 
25, wherein 

the luminance level range includes two to five 
luminance levels 

40 

28. An image processing apparatus for obtaining a 
maximum value signal suitable for dynamic gray- 
scale correction in motion pictures, comprising- 
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APL detecting means which detects an aver- 
age luminance level in a display area of an input 
video luminance signal: 

APL varied value detecting means which de- 
tects a varied value at the average luminance 
level detected by the APL detecting means; 
maximum value detecting moans which detects 
a maximum luminance level in the display area 
of the input video luminance signal; and 
filter means which controls the maximum lumi- 
nance level detected by the maximum value de- 
tecting means in accordance with the varied 
value at the average luminance level detected 
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by the APL varied value detecting means and 
produces an output as the maximum value sig- 
nal, wherein 

the filter means outputs the maximum lumi- 
nance level as it is when the varied value is larg- 
er than a first predetermined value, fixedly out- 
puts a maximum luminance level that is an im- 
mediately previous output when the varied val- 
ue is smaller than a second predetermined val- 
ue, and outputs the maximum luminance level 
that follows in accordance with the varied value 
when the varied value is larger than the second 
predetermined value and smaller than the first 
predetermined value. 

An image processing apparatus for obtaining a min- 
imum value signal suitable for dynamic gray-scale 
correction in motion pictures, comprising: 

APL detecting means which detects an aver- 
age luminance level in a display area of an input 
video luminance signal; 

APL varied value detecting means which de- 
tects a varied value at the average luminance 
level detected by the APL detecting means; 

minimum value detecting means which 
detects a minimum luminance level in the dis- 
play area of the input video luminance signal 
and a 

filter means which controls the minimum 
luminance level detected by the minimum value 
detecting means in accordance with the varied 
value at the average luminance level detected 
by the APL varied value detecting means and 
produces an output as the minimum value sig- 
nal, wherein 

the filter means outputs the minimum lu- 
minance level as it is when the varied value is 
larger than a first predetermined value, fixedly 
outputs a minimum luminance level that is an 
immediately previous output when the varied 
value is smaller than a second predetermined 
value, and outputs the minimum luminance lev- 
el that follows in accordance with the varied val- 
ue when the varied value is larger than the sec- 
ond predetermined value and smaller than the 
first predetermined value. 



An image processing method of detecting a maxi- 
mum luminance level of an original image in an in- 
put video luminance signal, comprising: 

a first maximum value detecting step of detect- 
ing in the input video luminance signal a maxi- 
mum luminance level in a display area- 
a histogram detecting step of detecting an 
amount of distribution of the input video lumi- 
nance signal at each luminance level in a lumi- 
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nance level range including the maximum lumi- 
nance level detected in the first maximum value 
detecting step and a luminance level adjacent 
thereto; 

a comparing step of determining, based on the 5 
amount of distribution detected in the histogram 
detecting step : whether the luminance level 
range includes information which is located at 
a luminance level away from the original image 
and is unrelated to the original image; io 
a replacing step of replacing, when it is deter- 
mined in the comparing step that the informa- 
tion unrelated to the original image is included, 
a luminance level with respect to the unrelated 
information in the input video luminance signal is 
by a luminance level which unarfects detection 
of the maximum luminance level of the original 
image; and 

a second maximum value delecting step of de- 
tecting a maximum luminance level in an input 20 
video signal obtained after the luminance level 
with respect to the unrelated information is re- 
placed in the replacing step. 

31. An image processing method of detecting a mini- 25 
mum luminance level of an original image in an in- 
put video luminance signal, comprising: 

a first minimum value detecting step of detect- 
ing in the input video luminance signal a mini- 30 



mum luminance level in a display area; 
a histogram detecting step of detecting an 
amount of distribution of the input video lumi- 
nance signal at each luminance level in a lumi- 
nance level range including the minimum lumi- 
nance level detected in the first minimum value 
detecting step and a luminance level adjacent 
thereto; 

a comparing step of determining, based on the 
amount of distribution detected in the histogram 
detecting step : whether the luminance level 
range includes information which is located at 
a luminance level away from the original image 
and is unrelated to the original image; 
a replacing step of replacing, when it is deter- 
mined in the comparing step that the informa- 
tion unrelated to the original image is included, 
a luminance level with respect to the unrelated 
information in the input video luminance signal 
by a luminance level which unaffects detection 
of the minimum luminance level of the original 
image: and 

a second minimum value detecting.step of de- 
tecting a minimum luminance level in an input 
video signal obtained after the luminance level 
with respect to the unrelated information is re- 
placed in the replacing step. 



32. An image processing method for obtaining a maxi- 
mum value signal suitable for dynamic gray-scale 
correction in motion pictures, comprising: 

an APL detecting step of detecting an average 
luminance level in a display area of an input vid- 
eo luminance signal; 

an APL varied value detecting step of detecting 
a varied value at the average luminance level 
detected in the APL detecting step; 
a maximum value detecting step of detecting a 
maximum luminance level in the display area 
of the input video luminance signal; and 
a filter step of controlling the maximum lumi- 
nance level detected in the maximum value de- 
tecting step in accordance with the varied value 
at the average luminance level detected in the 
APL varied value detecting step, and producing 
an output as the maximum value signal where- 
in 

the filter step outputs the maximum luminance 
level as it is when the varied value is largerthan 
a first predetermined value, fixedly outputs a 
maximum luminance level that is an immediate- 
ly previous output when the varied value is 
smaller than a second predetermined value, 
and outputs the maximum luminance level that 
follows in accordance with the varied value 
when the varied value is largerthan the second 
predetermined value and smaller than the first 
predetermined value. 

33. An image processing method for obtaining a mini- 
mum value signal suitable for dynamic gray- 

35 scate'eorrection in motion pictures, comprising: 

an APL detecting step of detecting an average 
luminance level in a display area of an input vid- 
eo luminance signal; 
40 an APL varied value detecting step of detecting 

a varied value at the average luminance level 
detected in the APL detecting; step; 
a minimum value detecting step of detecting a 
minimum luminance level in the display area of 
45 the input video luminance signal; and 

a filter step of controlling the minimum lumi- 
nance level detected in the minimum value de- 
tecting step in accordance with the varied value 
at the average luminance level detected in the 
so APL varied value detecting step, and producing 

an output as the minimum value signal, wherein 
the filter step outputs the minimum luminance 
level as it is when the varied value is largerthan 
a first predetermined value, fixedly outputs a 
55 minimum luminance level that is an immediate- 

ly previous output when the varied value is 
smaller than a second predetermined value, 
and outputs the minimum luminance level that 
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follows in accordance with the varied value 
when the varied value is larger than the second 
predetermined value and smaller than the first 
predetermined value. 
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